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)OHHW0DQDJHPHQW&RRSHUDWLYH6\VWHPVIRU&RPPHUFLDO9HKLFOHV
0DULD&ODXGLD6XUXJLXD,RQ1LFRODH6WDQFHOD
D8QLYHUVLW\3ROLWHKQLFDRI%XFKDUHVW7UDQVSRUW)DFXOW\5HPRWH&RQWURODQG(OHFWURQLFVLQ7UDQVSRUWV'HSDUWPHQW6SODLXO,QGHSHQGHQWHL
-(52%XFKDUHVW5RPDQLD
$EVWUDFW
7KLV SDSHU DGGUHVVHV WKHGHYHORSPHQW RI D V\VWHP WKDW IDFLOLWDWHV WKH IRUPDWLRQ RI D URDG WUDLQ E\ LQIRUPLQJ LQ UHDOWLPH WKH
GULYHUVRIFRPPHUFLDOYHKLFOHVHVSHFLDOO\ WUXFNVZLWKFDUJRZLWK LQIRUPDWLRQDERXWSRVLWLRQUHODWHGGDWD WKH VSHHGRID URDG
WUDLQ DQG WKH QHFHVVDU\ FRQGLWLRQV WR EHFRPH SDUW RI VXFK D WUDLQ %\ FROOHFWLQJ LQIRUPDWLRQ IURP IOHHWV RI WUXFNV WKH
FRPPXQLFDWLRQLQWHUIDFHEHWZHHQWKHYHKLFOHDQGWKHIOHHWPRQLWRULQJVHUYHUZLOOEHH[WHQGHG7KHVHUYHUZLOOUHFHLYHGDWDIURP
WKHYHKLFOHVDQGDIWHUDVSHFLILFSURFHVVLQJVWDJHDH[WHQGHGPDSZLOOEHJHQHUDWHGZLWKUHDOWLPHLQIRUPDWLRQFROOHFWHGIURPWKH
FDUV LQ WUDIILF 7KH RSWLPDO URXWH JHQHUDWLRQ DOJRULWKP ZLOO EH DOVR H[WHQGHG E\ XVLQJ GDWD UHFHLYHG LQ UHDO WLPH 7KH GDWD
FROOHFWHGE\WKHIOHHWPRQLWRULQJVHUYHUZLOOEHSURYLGHGWKURXJKDFRPPXQLFDWLRQSURWRFROWRWKH,76WUDIILFVHUYHU
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHPV IRU &RPPHUFLDO 9HKLFOH 2SHUDWLRQV WKH SODWRRQ WULS HYDOXDWLRQ PRELOH FRPPXQLFDWLRQ
9HKLFXODUDGKRFQHWZRUN
,QWURGXFWLRQ
2SHUDWLQJV\VWHPVIRUFRPPHUFLDOYHKLFOHV&92DSSOLHVWKHIHDWXUHVRIWUDIILFDQGWUDYHOPDQDJHPHQWV\VWHPV
7706LQWKHFRPPHUFLDOYHKLFOHVHFWRU7KHVHUYLFHVSURYLGHGUHIHUWRDXWRPDWLFORFDOL]DWLRQFODVVLILFDWLRQDQG
ZHLJKLQYHKLFOHVWRFROOHFWWD[HV$OVRWKHHPLVVLRQVSURGXFHGE\WKHPFDQEHPRQLWRUHG$OORIWKLVFDQEHFDUULHG
RXWZKLOHWKHYHKLFOHVDUHWUDYHOLQJRQWKHKLJKZD\>@6RPHRIWKHPRVWLPSRUWDQWDVSHFWVLQWKHGHYHORSPHQWRI
,QWHOOLJHQW7UDQVSRUW6\VWHPV,76DUHWKRVHLQYROYLQJWKHUHDOL]DWLRQRIPRELOHFRPPXQLFDWLRQVEHWZHHQYHKLFOHV

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99 DQG EHWZHHQ YHKLFOHV DQG LQIUDVWUXFWXUH 9, DQG YHKLFOH GDWD SURFHVVLQJ RQ ERDUG&RPPHUFLDO YHKLFOH
RSHUDWLRQUHTXLUHVWKHLQGLYLGXDOLGHQWLILFDWLRQRIFRPPHUFLDOYHKLFOHV1HZWHFKQRORJLFDOVROXWLRQVGHYHORSHGIRU
WUDQVSRUW DUH QDYLJDWLRQ V\VWHPV PRXQWHG RQ WKH YHKLFOH DFFLGHQW QRWLILFDWLRQ V\VWHPV HOHFWURQLF SD\PHQW
V\VWHPV6HQVRUVHPEHGGHGLQWKHURDGYLGHRWHFKQRORJ\IRUWUDIILFFRQWUROZHDWKHULQIRUPDWLRQVHUYLFHV9DULDEOH
PHVVDJHVLJQVYHKLFOHIOHHWWUDFNLQJDQGYHKLFOHZHLJKWPHDVXULQJRQWKHPRYHWHFKQRORJ\>@
2QJRLQJ3URMHFWV
,QWKLVVHFWLRQZHZLOOGLVFXVVDERXWSURMHFWVWKDWGHYHORSDQGLQWHJUDWHFRPPXQLFDWLRQVWHFKQRORJ\WKDWHQDEOH
YHKLFOHVWRGULYHLQSODWRRQVDVVHHQLQ)LJXUH2QHRIWKHVHLGHDVLVEURXJKWE\WKH6$575(SURMHFW>@6$57(
LVD(XURSHDQ&RPPLVVLRQ)3SURMHFWWKDWVHHNVWRPDNHHFKDQJHLQWUDQVSRUWXVDJH7KHPDLQLGHDRIWKHSURMHFW
LVWRDOORZYHKLFOHVDQGPDLQO\FRPPHUFLDOYHKLFOHVWRGULYHLQDSODWRRQIRUPDWLRQ,QFRPSOLDQFHZLWK6$575(
D URDG WUDLQ RUDSODWRRQ LV DQXPEHURI YHKLFOHV OHGE\DKXPDQGULYHQ OHDGYHKLFOH IROORZHGE\DOO NLQGVRII
YHKLFOHV SDVVHQJHU FDUV RU FRPPHUFLDO WUXFNV LQ DQ DXWRPDWHG ZD\ ODWHUDOO\ DQG ORQJLWXGLQDOO\ >@>@ 7KH
FRQWURORIDQLQGLYLGXDOIROORZLQJYHKLFOHLVSDUWO\H[WHUQDOLQWKLVFDVHSDUWO\FRQWUROOHGE\WKHOHDGYHKLFOH


)LJ:LUHOHVV7UXFN&RPPXQLFDWLRQ>@
8QOLNHWKH3$7+SURMHFWIURPWKH8QLWHG6WDWHVZKLFKZHZLOOGLVFXVVDERXWODWHU LQWKHSDSHUYHKLFOHVPD\
MRLQRUOHDYHWKHSODWRRQLQDG\QDPLFIDVKLRQOHDYHRQDUULYDODWWKHGHVLUHGGHVWLQDWLRQ>@7KHURDGWUDLQIRUPVD
FRRSHUDWLYH V\VWHP ZKHUH WKH YHKLFOHV WKDW IRUP WKH WUDLQ DUH FRQVLGHUHG VXEV\VWHPV %\ XVLQJ WKH YHKLFOHWR
YHKLFOH FRPPXQLFDWLRQ LQ DGGLWLRQ WR ORFDO VHQVRUV LQ HDFK YHKLFOH WKH ORQJLWXGLQDO DQG ODWHUDO LQVWDELOLW\ RI WKH
SODWRRQ FDQ EH DYRLGHG >@:LWKRXW YHKLFOHWRYHKLFOH FRPPXQLFDWLRQ YHKLFOHV IURP WKH SODWRRQ FDQQRW ³ORRN
DKHDG´QDPHO\WKHORFDOVHQVRUPHDVXUHPHQWVDUHRQO\EDVHGRQWKHDGMDFHQWYHKLFOH%\XVLQJYHKLFOH±WRYHKLFOH
FRPPXQLFDWLRQ WKH OHDGLQJ YHKLFOH FDQ LQIRUP LQ UHDOWLPH WKH IROORZLQJ YHKLFOHV RI DQ\ FRPPDQGV DQG
PRYHPHQW7KHNH\RIWKLVORJLFDOVFKHPHLVWKHUHOLDELOLW\RIWKHYHKLFOHWRYHKLFOHFRPPXQLFDWLRQIRUH[DPSOH
DOOWKHIROORZLQJYHKLFOHVDUHLQUHDOWLPHFRQWDFWZLWKWKHOHDGYHKLFOHDQGWKDWWKH\UHFHLYHWKHVDPHLQIRUPDWLRQ
>@
7KH FRQFHSWV RI SODWRRQLQJ DQG UHODWHG LVVXHV KDYH EHHQ UHVHDUFKHG LQ VHYHUDO SURMHFWV &RPPHUFLDO WUXFN
SODWRRQLQJ DQG GULYHU DVVLVWDQW IXQFWLRQV ZKHUH LQYHVWLJDWHG LQ D (XURSHDQ SURMHFW FDOOHG 352027(
&+$8))(85.2192,ZDVD*HUPDQQDWLRQDOSURMHFWZKHUHWKHIRFXVZDVRQSODWRRQVIRUPHGRQO\E\WUXFNV
7KH3$7+SURMHFWIURPWKH8QLWHG6WDWHVUHTXLUHVVRPHFKDQJHVWRWKHLQIUDVWUXFWXUHZKHUHDV6$575(GRHVQRW
3$7+YHKLFOHVXVHGHGLFDWHGODQHVRIWKHKLJKZD\RUIROORZWUDQVSRQGHUVWKDWDUHHPEHGGHGLQWKHURDG>@>@
7KHRUHWLFDOEDFNJURXQG5HVHDUFKSUREOHP
7KHSDSHUSUHVHQWVDJURXSSDWWHUQRIDQXPEHURIFRPPHUFLDOYHKLFOHVRUJDQL]HG LQD URDG WUDLQDQG WKHKRZ
WKH\FRPPXQLFDWHZLWKHDFKRWKHUDQGWKHFHQWUDOWUDIILFFRQWURODOVRFDOOHG&HQWUDO6WDWLRQ
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7KHFRQVLGHUHGURDGWUDLQFRQVLVWVRIDPDLQYHKLFOH09OHGE\DGULYHUDQGWKHIROORZLQJYHKLFOHVWKDWIRUP
WKHUHVWRIWKHSODWRRQZKLFKKDYHDXWRPDWLFVSHHGFRQWURODQGGLUHFWLRQ7KURXJKWKLVSURFHVV WKHGULYHUVRIWKH
YHKLFOHVWKDWPDNHWKHURDGWUDLQFDQSHUIRUPRWKHUDFWLYLWLHVVXFKDVWDONLQJRQWKHSKRQHUHDGLQJPDQDJLQJWKH
QH[W VKLSPHQW HWF $OO YHKLFOHV DUH HTXLSSHG ZLWK VSHFLILF 99 FRPPXQLFDWLRQV HTXLSPHQW FRQWURO XQLWV IRU
YHKLFOHVLQWKHSODWRRQ+0,SRVLWLRQVHQVRUV*36UDGDUDQGFDPHUD>@



)LJ1DWLRQDO,76$UFKLWHFWXUH&926XEV\VWHPV>@

1DWLRQDO,QWHOOLJHQW7UDQVSRUW6\VWHPV,76DUFKLWHFWXUHWHUPLQRORJ\LVXVHGDVIROORZV>@
x 6XEV\VWHP7KHPDLQHOHPHQWLQWHUPVRIVWUXFWXUDODUFKLWHFWXUH7KHVXEV\VWHPVDUHJURXSHGLQWRIRXUFODVVHV
FHQWHUVODQGYHKLFOHVDQGSDVVHQJHUV
x 7KH SDFNDJH RI HTXLSPHQW  HTXLSPHQW SDFNDJHV LV WKH FRUQHUVWRQH RI WKH VXEV\VWHPV RI WKH SK\VLFDO
DUFKLWHFWXUH7KHVHSDFNDJHVJURXSHGVLPLODUSURFHVVHVRIDSDUWLFXODUVXEV\VWHPLQ³LPSOHPHQWDEOHSDFNHWV
x 7HUPLQDO  7HUPLQDOV UHSUHVHQWV WKH OLPLW RI WKH DUFKLWHFWXUH 1DWLRQDO ,76 $UFKLWHFWXUH WHUPLQDOV DUH WKH
SHRSOHV\VWHPVDQGJHQHUDOHQYLURQPHQWDVWKHLQWHUIDFHRI,76V
x )ORZDUFKLWHFWXUHLQIRUPDWLRQWKDWLVH[FKDQJHGEHWZHHQV\VWHPVDQGWHUPLQDOVLQWKHSK\VLFDODUFKLWHFWXUH
99&RPPXQLFDWLRQV
,QWHOOLJHQW7UDQVSRUW6\VWHPVDUHVHHQDVDQDUHDRILQFUHDVLQJO\LPSRUWDQWUHVHDUFK7KHVHV\VWHPVDUHEDVHGRQ
D OHYHO RI FRPPXQLFDWLRQ WKDW HQDEOHV GDWD H[FKDQJH EHWZHHQ YHKLFOHV DQG EHWZHHQ YHKLFOHV DQG WKH URDG
LQIUDVWUXFWXUH7KLVOHYHOLVNQRZQDV9HKLFXODU$GKRF1HWZRUN9$1(7DQGLVDIRUPRIPRELOHDGKRFQHWZRUN
WKDWFRPELQHVVROXWLRQVE\FRPPXQLFDWLRQW\SHVYHKLFOHWRYHKLFOH99DQGYHKLFOHWRW\SHLQIUDVWUXFWXUH9,
>@$PRQJWKHILUVWDSSOLFDWLRQVRI9$1(7WKHUHZHUHWKHV\VWHPVWKDWHQVXUHURDGVDIHW\HJSRWHQWLDOFROOLVLRQ
ZDUQLQJ DSSOLFDWLRQV XVLQJ FRRSHUDWLRQ EHWZHHQ URDG XVHUV 7KH\ ZHUH IROORZHG E\ DSSOLFDWLRQV GHVLJQHG WR
LPSURYHWKHXVHRIURDGLQIUDVWUXFWXUHUHGXFLQJWUDIILFFRQJHVWLRQDQGFRXOGSURYLGHIDVWHU>@DQGVDIHUURXWHVIRU
GULYHUV 5RDG VDIHW\ DVVXUDQFH DSSOLFDWLRQV FDQ EH JURXSHG LQWR WKUHH PDLQ FDWHJRULHV DVVLVWDQFH QDYLJDWLRQ
FROOLVLRQ DYRLGDQFH WKURXJK FRRSHUDWLRQ ODQH FKDQJH DVVLVWDQFH LQIRUPDWLRQ RQ VSHHG OLPLWV DQGZDUQLQJ RQ
VXFK SRWHQWLDO DFFLGHQWV RI REVWDFOHV RQ WKH URDG RU SURYLGLQJZDUQLQJV RQ WUDIILF FRQGLWLRQV >@ 7KH\ UHTXLUH
VROXWLRQVIRUGLUHFWFRPPXQLFDWLRQEHWZHHQPDFKLQHVGXHWRWKHQHHGRIDTXLFNWUDQVPLVVLRQRILQIRUPDWLRQZLWK
PLQLPDOGHOD\V
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$SSURDFK5HVHDUFKPHWKRGRORJ\
,Q RUGHU WR FROOHFW LQIRUPDWLRQ PRELOH FRPPXQLFDWLRQV DUH XVHG DW YHKLFOH OHYHO RU LQWHUYHKLFXODU
FRPPXQLFDWLRQVZKLFKDOORZDPDSWREHXSGDWHGLQUHDOWLPHZLWKWKHORFDWLRQVDQGWKHGLUHFWLRQVRIWUDYHORI
WKHURDGWUDLQV7KXVWKURXJKWKLVPDSRQHRUPRUHWUXFNVFDQEHSDUWRIDDOUHDG\FUHDWHGURDGWUDLQ>@>@7KH
UHDVRQVIRUDFKLHYLQJVXFKDQRUJDQL]HGWUDYHOV\VWHPIRUFRPPHUFLDOYHKLFOHDUHYDULHGLQFOXGLQJZLWKWKHVXUJH
LQ WKH QXPEHU RI FDUV SHU FDSLWD WKH LQIUDVWUXFWXUH KDV QRW DGDSWHG WR WKRVH QHHGV VR WKH LQWHOOLJHQW WUDQVSRUW
V\VWHPVDUHUHTXLUHGLQRUGHUWRPD[LPL]HWKHDYDLODEOHURDGLQIUDVWUXFWXUHE\LQWHJUDWLQJDQGRUJDQL]LQJWUXFNVLQWR
URDGWUDLQVIXHOFRVWVZLOOGHFUHDVHWKHDPRXQWRISROOXWDQWVHPLVVLRQVZLOOEHUHGXFHGDQGWKHODSWLPHVRIURXWHV
ZLOOVKRUWHQ
7KHPRGHOV FXUUHQWO\ XVHG LQ5RPDQLD LQ DQ RSHUDWLYH ZD\ WR FDOFXODWH WKH FRQFHQWUDWLRQV RI SROOXWDQWV DUH
WKRVH EDVHG RQ*DXVVLDQ VROXWLRQV RI GLIIXVLRQ HTXDWLRQ7KHVHPRGHOV FDQ EH DSSOLHG WR WKH IROORZLQJ W\SHV RI
VRXUFHVLQVWDQWDQHRXVDQGFRQWLQXRXVSRLQWVRXUFHVOLQHDUVRXUFHDQGVXUIDFHVRXUFHV7KHPRGHOVDUHDSSOLFDEOHWR
RQH RU PRUH VRXUFHV 7KHUH DUH VWLOO XVHG PRGHOV WKDW WDNH LQWR DFFRXQW WKH UHDFWLRQV RI SROOXWDQWV LQWR WKH
DWPRVSKHUH >@ $OVR WKH\ DUH QRW FRPPRQO\ XVHG LQ PHVRVFDOH PRGHOV GXH WR D ODFN RI PHWHRURORJLFDO GDWD
UHTXLUHG5HVWULFWLRQVRQVHOHFWLQJSDWWHUQV WKDWFDQEHXVHGFRPPRQO\ LQ5RPDQLDDUH UHTXLUHGE\ WKHVHH[LVWLQJ
FLUFXPVWDQFHV>@PHWHRURORJLFDOGDWDDUHQRWDYDLODEOHLQDDXWRPDWL]HGPDQQHUUHDOWLPHKHLJKWPHWHRURORJLFDO
GDWDFDQEHIRXQGRQO\LQWKUHHVWDWLRQVFRPSOH[WRSRJUDSK\RIWKHFRXQWU\OLPLWVWKHSRVVLELOLW\RIH[WUDSRODWLRQRI
GDWD
7KHVH OLPLWDWLRQV UHTXLUH IRU WKH FXUUHQW SUREOHPV QRW WKH UHVHDUFK XVLQJ PRGHOV EDVHG RQ VWDQGDUG
PHWHRURORJLFDO GDWD RQ(DUWK
V VXUIDFH >@7KH\ VKRXOG EH SODFHG LQ D IRUPDW WKDW GRHV QRW UHTXLUH DSHUPDQHQW
FRQQHFWLRQZLWKPHWHRURORJLFDO QHWZRUN7KHPRGHOV XVHG FRQVLGHU WKH VDPH IRUPRI DQDO\WLFDO HTXDWLRQ IRU WKH
FRQFHQWUDWLRQHTXDWLRQRID W\SHRIVRXUFHZKLFKDUHGLYHUVLILHGE\PRGHOLQJ WKHIROORZLQJ LQSXWSDUDPHWHUV >@
VXSHUHOHYDWLRQZLQGVSHHGSURILOHVWDQGDUGGHYLDWLRQVDQGVWDELOLW\FODVVHV
,QSXWSDUDPHWHUVPRGHOLQJGHSHQGVRQWKHJHRPHWU\RIWKHVRXUFHDQGWKHVXUIDFHWRSRJUDSK\)RUURDGWUDIILFLQ
VLPSOHPHWKRGRORJ\WKHHPLVVLRQFRXOGEHFDOFXODWHG>@ZLWKWKHIROORZLQJIRUPXOD
L L L L( )( 1 &&  ¦   
:KHUH
)(LHPLVVLRQIDFWRUFRUUHVSRQGLQJWRWKHSROOXWDQWDQGWKHFDWHJRU\RIWKHYHKLFOH1LQXPEHURIYHKLFOHV&&L
VSHFLILFIXHOFRQVXPSWLRQIRUYHKLFOHV62HPLVVLRQHVWLPDWLRQLVGRQHZLWKWKHUHODWLRQVKLS>@
6$(62     
:KHUH $)XHOFRQVXPSWLRQ6WKHVXOIXUFRQWHQWLQWKHIXHOLQ
5HJDUGLQJ9$1(7QHWZRUNV WKH\DUHDVSHFLDOFDVHRIPRELOHZLUHOHVVQHWZRUNVDQGWKHUHIRUHKDYHSURSHUWLHV
WKDWGLVWLQJXLVK WKHPIURP WUDGLWLRQDOPRELOHZLUHOHVVQHWZRUNV >@ >@)LUVWPRELOLW\ LV UHVWULFWHGE\ WKH VL]HRI
URDGYHKLFOHV WKHPRYHPHQWRIRWKHUYHKLFOHVDQG WUDIILF UXOHV$W WKHVDPH WLPH WKHVHQHWZRUNVDUHVXEMHFWHG WR
H[WHUQDOIDFWRUVVXFKDVZHDWKHUFRQGLWLRQVRURWKHUIDFWRUVVXFKDVWKHWLPHDQGWKHYHKLFOHSRVLWLRQDQGWKHGDWD
SDFNHWWUDQVPLVVLRQWLPH)URPWKHVWXG\RQWKHPRELOLW\RIYHKLFOHVLWZDVQRWLFHGWKDWWKH\WHQGWRJURXSIRUPLQJ
FOXVWHUVRIPDFKLQHV>@7KLVQHWZRUNLVSDUWLWLRQHGDQGQRVLQJOHSRLQWWRSRLQWFRQQHFWLRQEHWZHHQWKHVRXUFHDQG
GHVWLQDWLRQH[LVWVRIWHQZKHQVHQGLQJDPHVVDJH$OORIWKHVHIDFWRUVPDNHH[LVWLQJVROXWLRQVLQFODVVLFZLUHOHVVDG
KRFQHWZRUNVPD\ QRW EHYLDEOH LQ9$1(7QHWZRUNV >@'XH WR WKH ODUJHQXPEHURI YHKLFOHV WDNLQJSDUW LQ D
9$1(7 QHWZRUN LW DSSHDUV WKDW LQ JHQHUDO URXWLQJ SURWRFROV PXVW EH EDVHG RQ IDFWRUV LQFOXGLQJ ORFDWLRQ RI
YHKLFOHV DW D WLPH VRPHWKLQJ WKDW HQVXUHV VFDODELOLW\ SURWRFRO RSHUDWLRQ >@ >@ 6R URXWLQJ YHKLFOHV ZLOOPDNH
GHFLVLRQVEDVHGRQO\RQ ORFDO LQIRUPDWLRQ UHFHLYHG IURPYHKLFOHV LQ WKHLU VXUURXQGLQJV([FKDQJHRI LQIRUPDWLRQ
EDVHGRQEHDFRQPHVVDJHVLVDIXQGDPHQWDOSDUWRIURXWLQJSURWRFROVGHVFULEHGLQWKHOLWHUDWXUH
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8VXDOO\YHKLFOHVFDQJHWSRVLWLRQLQIRUPDWLRQIURPSRVLWLRQLQJV\VWHPVERWKORFDO/36/RFDO3RVLWLRQ6\VWHP
DQG WKHJOREDO V\VWHPV OLNH*36RU*DOLOHR7KHUHDUH VROXWLRQVEDVHGRQ URXWLQJD VSHFLILF JHRJUDSKLFDODUHDRU
KHXULVWLFVEDVHGSURWRFROVJUHHG\KHXULVWLFVWKH\FKRRVHWKHQH[WKRS>@DQHLJKERUZKRKDVWKHJUHDWHVWIHHGWR
WKHGHVWLQDWLRQ2WKHUSURWRFROVWU\WRLPSURYHRQSHUIRUPDQFHURXWLQJE\ODUJHJHRJUDSKLFDUHDVXVLQJGLJLWDOPDSV
WRSRORJ\PDSVWKDWKDYHLQIRUPDWLRQRQVWUHHWVDQGWKHIDFWWKDWFDUVFKDQJHORFDWLRQLQIRUPDWLRQ>@>@7KLV
FUHDWHVDOLVWRIQRGHVVRXUFHMXQFWLRQWREHFURVVHGIRUWKHPHVVDJHWRUHDFKWKHGHVWLQDWLRQ7RUHDFKHYHU\QRGH
MXQFWLRQJHRJUDSKLFSURWRFRODSSOLHVRQHYHU\VWUHHW
$OOVROXWLRQVDUHEDVHGRQWKHSUHPLVHWKDWWKHUHLVDSRLQWWRSRLQWZD\EHWZHHQWKHVRXUFHDQGGHVWLQDWLRQZKHQ
WUDQVPLWWLQJ WKHPHVVDJH >@ >@7KLV LV QRW D FRPPRQ FDVH VFHQDULR IRU9$1(7QHWZRUNV VLQFH WKH YHKLFOH
QHWZRUNVDUHIRUPHGE\JURXSVRIYHKLFOHVWKDWPRYHRQG\QDPLFWUDMHFWRULHV
7KHUHDUHDOVRVRPHSURWRFROVZKLFKDUHEDVHGRQSUHGLFWLRQRIWKHWUDMHFWRU\IROORZHGE\WKHYHKLFOHLQVWHDGRI
XVLQJURXWLQJE\ODUJHJHRJUDSKLFDUHDV7KHYHKLFOHWUDQVIHUVWKHPHVVDJHWRWKHYHKLFOHZKRVHWUDMHFWRU\LVPRUH
XVHIXODVDPHDVXUHRISHUIRUPDQFHWKDQWKHYHKLFOHWKDWVWRUHVWKHPHVVDJH>@
2SHUDWLRQDOVFHQDULRV
7KHSXUSRVHRIWKHWUXFNSODWRRQLQJV\VWHPLVWRHQDEOHWZRRUPRUHWUXFNVWROLQNXS$IHZVFHQDULRVDUHEHLQJ
H[SORUHGLQFOXGLQJWKHIROORZLQJ
D &RPPHUFLDOWUXFNVOHDYHWKHWHUPLQDOWRJHWKHU
7KLV LGHD LVPRUH FRPPRQO\ DYDLODEOH IRU OHVV WKDQ WUXFNORDG VKLSSLQJ DQG SDUFHO FDUULHUV ,Q WKH /7/SDUFHO
FDUULHUH[DPSOHRQFHIUHLJKWVRUWLQJLVFRPSOHWHWUXFNVZLWKVLPLODUURXWLQJGLVSDWFKLQJDFWLYLWLHVFDQEHSDLUHGDW
WKHWHUPLQDO>@7KHVHWUXFNVZRXOGWKHQPDQXDOO\GULYHWRWKHKLJKZD\DQGSURFHHGWRZKDWHYHULQLWLDOSRUWLRQRI
WKH KLJKZD\ LV DSSURSULDWH IRU OLQNLQJ 2QFH LQ D OLQNDEOH VWUHWFK RI URDG DQG LQ WKH FRUUHFW RUGHU WKH\ ZRXOG
HQJDJHWKHOLQNDQGFRQWLQXHGRZQWKHURDGXQWLOHLWKHUWKH\DUULYHDWWKHLUH[LWRUOHDYHWKHOLQNDEOH]RQH
E &RPPHUFLDOWUXFNVILQGHDFKRWKHURQWKHURDG
7UXFNV HLWKHU IURPZLWKLQ D IOHHW RU EHWZHHQ IOHHWV FDQEHGULYLQJRYHU WKH URDG DQG DXWRPDWLFDOO\GLVFRYHU
RWKHUOLQNDEOHWUXFNV:KHQHDFKWUXFNFKRRVHVWROLQNWKHRWKHUGULYHULVZDUQHG2QFHWKH\KDYHERWKVHOHFWHGWR
OLQNWKH\PDQXDOO\FRRUGLQDWHWREHQHDUHDFKRWKHU>@>@7KHGULYHURIWKHIURQWWUXFNFDQUHGXFHKLVVSHHGRU
WKHGULYHURIWKHUHDUWUXFNFDQLQFUHDVHKLVVSHHGLIZLWKLQDYDLODEOHOLPLWV
F 7UXFNVWRSSODWIRUP
7UXFN VWRS SODWIRUPV FRXOG UHSUHVHQW DQ LGHDO VFHQDULR IRU DG KRF OLQNLQJ 7KHVH IDFLOLWLHV FRXOG FRQFHQWUDWH
WUXFNV WKDW VKDUH VLPLODU URXWHV DQGRIWHQ H[SHULHQFHZDYHVRI DUULYDOV DQGGHSDUWXUHV VXFK FRQFHQWUDWLRQV FRXOG
IDFLOLWDWHDGKRFOLQNDJHVDPRQJZLOOLQJSDUWLFLSDQWV
:KLOH WKH '$73 V\VWHPV FRXOG ³VHH´ RWKHU '$73 LQVWDOOHG WUXFNV D PRUH HIILFLHQW DSSURDFK PLJKW EH WR XVH
SODWIRUPZKHUHWUXFNGULYHUVFRXOGLQSXWWKHLUURXWHVDQGGHSDUWXUHWLPHVDQGWKHSODWIRUPFRXOGJHQHUDWHSDLULQJV
DQGQRWLI\WKHDSSURSULDWHGULYHUV>@>@
5HVXOWVDQGFRQWULEXWLRQV
,QWKLVSDSHUWKHIROORZLQJDVSHFWVDUHSXWRXWUHGXFLQJWKHFRVWRIURDGWUDQVSRUWE\RUJDQL]LQJWUXFNVLQWRURDG
WUDLQVRSWLPL]LQJWUDIILFIORZUHGXFLQJZDLWLQJDQGVWRSWLPHVEUHDNVIRUWKHGULYHUV
$LUSROOXWLRQRIWUDQVSRUWDWLRQKDVWKHPRVWGLUHFWHQYLURQPHQWDOHIIHFWVORFDODLUSROOXWLRQJOREDODWPRVSKHULF
SROOXWLRQHWF7KHDLUHPLVVLRQVFRQVLGHUHGKHUHLQFOXGH&212[&2DQG30,QWKHILJXUHVDUHSUHVHQWHG
WKHLPSDFWRIVSHHGRQHPLVVLRQV3012[&2DQG&2>@
3ODWRRQLQJFDQFRQWULEXWHWRHQHUJ\VDYLQJLQWZRDVSHFWVRQHLV WKHUHGXFWLRQRIDHURG\QDPLFGUDJHVSHFLDOO\
GXULQJKLJKVSHHGGULYLQJDQGWKHRWKHULVWKHLQFUHDVHRIWKHURDGFDSDFLW\WRSURYLGHODUJHUURRPWRVXUURXQGLQJ
WUDIILF7KHIRUPHULVPLFURVFRSLFFRQWULEXWLRQDQGWKHRWKHULVPDFURVFRSLFFRQWULEXWLRQ
7KH FRQWULEXWLRQ RI WKH SDSHU UHIHUV WR WKH QHFHVVLW\ RI FUHDWLQJ D QHWZRUN RI WUXFNV ORFDOO\ DQG QDWLRQDOO\
JOREDOQDPHO\WKHLPSOHPHQWDWLRQRIDYHKLFXODUDGKRFQHWZRUN9$1(7$Q\SDUWLFLSDQWWUXFNZLOOEHFRPHD
ZLUHOHVV URXWHU ZKLFK ZLOO JLYH LQIRUPDWLRQ WR WKH WUXFN QH[W WR LW (DFK WUXFN ZLOO EH HTXLSSHG ZLWK D *36
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QDYLJDWLRQV\VWHPDQGZKHQFRPPXQLFDWLRQLVQHHGHGJOREDOO\LWFDQFDOORQWKHPRELOHFRPPXQLFDWLRQQHWZRUN
FHOOXODU




)LJ,PSDFWRIVSHHGRQ30HPLVVLRQV )LJ,PSDFWRIVSHHGRQ12[HPLVVLRQV
 
)LJ,PSDFWRIVSHHGRQ&2HPLVVLRQV )LJ,PSDFWRIVSHHGRQ&2HPLVVLRQV
&RQFOXVLRQV
7KH URDG WUDLQ FDQ IRUP LQ D FRPPRQ SRLQW RI FRPPHUFLDO YHKLFOH URXWHV DFFRUGLQJ WR WKH GHVWLQDWLRQ 7KLV
IROORZVPDLQO\D UHGXFWLRQ LQ WUDYHO WLPHSROOXWDQWHPLVVLRQVDQGRSWLPL]LQJ WKHPLOHDJH9HKLFOHV WKDWDUH WREH
LQWHJUDWHG LQ WKH URDG WUDLQZLOO EHJURXSHG LQ FRORU VWULSV GHSHQGLQJRQ WKHGHVWLQDWLRQ7KHXSFRPLQJSKDVHRI
LQWHUQDWLRQDO UHVHDUFK ZLOO EXLOG RQ SUHVHQW NQRZOHGJH WR WDFNOH WKH FKDOOHQJHV RI DXWRPDWLQJ ODQH FKDQJLQJ
PHUJLQJDVZHOODVMRLQLQJDQGOHDYLQJWKHSODWRRQ0HDQVPXVWEHGHYHORSHGIRUH[DPSOHVRWKDWWUXFNFDUDYDQV
LQWKHULJKWODQHGRQRWKLQGHUPHUJLQJIRURWKHUPRWRULVWVRUSUHVHQWDEDUULHUWRJHQHUDOWUDIILFIORZ2WKHUGULYHUV
PXVWEHPDGHDZDUHRIWKHWUXFNFRQYR\VLQDWLPHO\DQGVDIHPDQQHUDQGWRVWD\RXWRIWKHPVRRQDQGRIIURDG
VLJQVLQGLFDWRUV DQGORFDO 99 EURDGFDVWV ZLOO EH QHFHVVDU\ 7KH WUXFN RSHUDWRUV IDFH VSHFLDO FKDOOHQJHV
2YHUFRPLQJGULYHUV¶GLVFRPIRUWZLWKRSHUDWLQJDYHKLFOHZLWKDVKRUWGLVFRQFHUWLQJJDSLQIURQWZKLOHRYHUFRPLQJ
WKHYHU\OLPLWHGVLJKWOLQHVIRUZDUGZLOOEHGLIILFXOW$QGGHDOLQJZLWKWKHVSUD\RIUDLQZDWHUIURPWKHYHKLFOHVDKHDG
PD\DWWLPHVVXVSHQGLQOLQHRSHUDWLRQV$Q\VXFFHVVZRXOGVHHPWRFRPHGRZQWREXLOGLQJGULYHUV¶FRPSOHWHIDLWK
LQWKHWHFKQRORJ\ZKLFKLVLQKHUHQWO\SUREOHPDWLF)ROORZLQJYHKLFOHVPD\DOVREHSHOWHGFRQVWDQWO\E\VPDOOVWRQHV
DQGGHEULVIURPXSDKHDGZKLFKZLOOVORZO\FKLSDEUDGHDQGFUDFNZLQGVKLHOGV
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$QGLIFRQYR\VGRPL[FDUVDQGWUXFNVWKHODWWHUPXVWJRRQO\DWWKHIURQWWRDFFRPPRGDWHWKHLUORQJHUVWRSSLQJ
GLVWDQFH1HZWUXFNVPXVWLQVHUW LQWKHPLGGOH²DPDQHXYHUWKDWUHTXLUHVWUDLQLQJ²ZKHUHDVFDUVFDQDWWDFKPRUH
HDVLO\DWWKHWDLO
$FNQRZOHGJHPHQWV
7KHZRUNKDVEHHQIXQGHGE\WKH6HFWRUDO2SHUDWLRQDO3URJUDPPH+XPDQ5HVRXUFHV'HYHORSPHQW
RIWKH0LQLVWU\RI(XURSHDQ)XQGVWKURXJKWKH)LQDQFLDO$JUHHPHQW326'586
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